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ABSTRACT. A scanning electron microscopic study of ayu 
Plecoglossus altivelis infected experimentally with Vibrio 
anguillarum showed large numbers of bacterial cells on the 
slun surface in advanced stages of the infection. These cells on 
the skin surface may serve as an important source of the 
infection among cultured ayu. 
Vibriosis, caused by Vibrio anguillarum, results in 
substantial mortality in cultured ayu Plecoglossus 
altivelis in freshwater ponds in Japan (Muroga & Egusa 
1988). Recent works on the infection mechanism of 
vibriosis in ayu indicated that seed ayu carrying V. 
anguillarum could serve as a reservoir of the infection 
in ponds (Muroga et al. 1984). Bacteria shed from 
diseased fish were transmitted to healthy ones by the 
waterborne route (Kusuda et al. 1981, Kanno et al. 
1989). Histological investigations revealed that the first 
V. angujllarum colonization site in ayu was the skin 
(Funahash~ et al. 1974, Muroga & De La Cruz 1987), 
and in another study (Kanno et al. 1989), it was demon- 
strated, using a patch contact challenge method, that 
the skin, fins, and anus were portals of entry for the 
pathogen. In the present study, we used bacteriological 
culture and scanning electron microscopy (SEM) to 
describe the fate of V. anguillarum in or on the skin of 
experimentally infected ayu. 
Materials and methods. A virulent strain of Vibrio 
anguillarum, PT-81049 isolated from a diseased ayu, 
was used. The cells were cultured on nutrient agar 
(Eiken Chemical Co. Ltd) at 25 "C for 24 h. Ayu with an 
average weight of 20 g were immersed in a V. anguil- 
larum suspension of 106 colony forming units (CFU) 
ml-' for 5 min. After challenge, the fish were kept in 
30 l plastic containers supplied with a constant flow of 
dechlorinated tap water at 21 "C (+ 1 "C). At 1, 3, 6, 12, 
18, 24, and 36 to 48 h postchallenge (the period in 
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which dead and dying fish occurred), fish were sac- 
rificed and examined (8 fish at each sampling). 
A portion (1 cm2) of the skin removed from the cen- 
tral trunk was homogenized with sterile saline and 
inoculated on nutrient agar to determine the number of 
viable bacterial cells present. For SEM, another portion 
of the skin was fixed in 1 % glutaraldehyde in cacody- 
late buffer (pH 7.0) and postfixed in 1 O/O osmium tetrox- 
ide in the same buffer. The samples were sputter- 
coated with a thin layer of gold and examined with a 
JEOL JSM-T20 SEM. 
Results and discussion. Vibno anguillarum was first 
detected at 6 h postchallenge at 103.5 CFU g-I from the 
slun. Thereafter, the viable cell number increased 
rapidly, resulting in 107.* CFU gP1 at 24 h postchallenge 
and log.' CFU g-1 at the moribund stage (36 to 48 h). 
No significant contamination with other bacteria occur- 
red. The present result differs slightly from that of 
Muroga & De La Cruz (1987) who failed to detect the 
pathogen on the skin before 12 h postchallenge and 
who reported bacterial numbers during advanced 
stages of the infection that were lower than ours. These 
differences might be explained by the fact that Muroga 
& De La Cruz swabbed the skin surface with alcohol- 
soaked cotton to lessen contamination with water 
bacteria. 
In SEM examinations, no pathological changes or 
bacterial cells were observed on the skin surface up to 
18 h postchallenge. During this period, the fingerprint- 
like structure of the slun surface remained intact as in 
the control fish (Fig. 1). By 24 h postchallenge, epider- 
mal sloughing occurred in association with hemor- 
rhagic lesions, and curved short rods were observed in 
the exposed dermal layer (Figs. 2 and 3). At this stage 
the fish were still active. By 36 to 48 h postchallenge, 
dead and dying fish displayed hemorrhages on the skin 
typical of the disease (Jo 1981). The hemorrhages were 
extensive, and, at this stage, large numbers of bacterial 
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cells appeared on the skin surface through the 
degenerating epidermis (Figs. 4, 5 and 6). 
4luroga & De La Cruz (1987) observed, using the 
enzyme-labelled antibody technique, that the multipli- 
cation of Vibl-io anguillarun~ cells occurred in the der- 
mal layer (not on the skin surface, but beneath the 
epidermis) prior to the pathogen's appearance in any of 
the other tissues. From these observations they inferred 
that the pathogen was conveyed to various organs 
through the blood stream from the sites of proliferation 
in the dermal layer. The present investigation disclosed 
that large numbers of the proliferating cells of the 
pathogen were distributed not only inwards but also to 
the skin surface. These surface-borne bacteria may 
account for significant disease transmission between 
individual fish. Although it was concluded that the 
primary mode of transmission of vibriosis in ayu is 
through the water (Kanno et  al. 1989), our present 
results suggest that the disease may also spread rapidly 
in a crowded pond as a result of direct contact between 
diseased individuals and noninfected ones. 
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